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http://www.biomedcentral.com/1471-2458/13/1175RESEARCH ARTICLE Open AccessPhysical activity in daily life is associated with
lower adiposity values than doing weekly sports
in Lc65+ cohort at baseline
Nadia Danon-Hersch* and Brigitte Santos-Eggimann*Abstract
Background: Overweight and obesity prevalence is the highest at age 65–75 years in Lausanne (compared with
younger classes). We aimed to describe 1) eating habits, daily physical activity (PA), and sports frequency in
community-dwelling adults aged 65–70, 2) the links of these behaviors with socio-economic factors, and 3) with
adiposity.
Methods: Cross-sectional analysis of Lc65+ cohort at baseline, including 1260 adults from the general population
of Lausanne aged 65–70 years. Eating habits (8 items from MNA) and PA (sports frequency and daily PA: walking
and using stairs) were assessed by questionnaires. Body mass index (BMI), supra-iliac (SISF), triceps skin-folds (TSF),
waist circumference (WC), and WHR were measured.
Results: Prevalence of overweight (BMI 25.0-29.9 kg/m2), obesity (BMI ≥30.0 kg/m2), and abdominal obesity was
53%, 24%, and 45% in men; 35%, 23%, and 45% in women.
Intake of fruits or vegetables (FV)≥ twice/day was negatively associated with male sex (prevalence 81% versus 90%,
chi-square P < 0.001). The proportion avoiding stairs in daily life was higher among women (25%) than among men
(20%, chi-square P = 0.003).
In multivariate analyses among both sexes, eating FV, using stairs in daily life (“stairs”), and doing sports≥ once/week
were significantly negatively associated with financial difficulties (stairs: OR = 0.54, 95% CI = 0.40-0.72) and positively
with educational level (stairs: OR = 1.68, 95% CI = 1.17-2.43 for high school).
For all five log-transformed adiposity indicators in women, and for all indicators except SISF and TSF in men, a gradual
decrease in adiposity was observed from category “no stairs, sports < once/week” (reference), to “no stairs,
sports≥ once/week”, to “stairs, sports < once/week”, and “stairs, sports≥ once/week” (for example: WC in men,
respectively: ß = −0.03, 95% CI = −0.07-0.02; ß = −0.06, 95% CI = −0.09- -0.03; ß = −0.10, 95% CI = −0.12- -0.07).
Conclusions: In this population with high overweight and obesity prevalence, eating FV and PA were
strongly negatively associated with financial difficulties and positively with education. Using stairs in daily life
was more strongly negatively associated with adiposity than doing sports≥ once/week.
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In Switzerland, the prevalence of overweight and obesity
has increased in all age groups between 1992 and 2007
[1]; in the city of Lausanne, it was the highest in age group
65–75 years in 2005, compared to younger groups, reach-
ing a total prevalence of 73% among men, 53% among
women [2]. This difference by age was also observed in
the Swiss Health Survey 2012, a nationwide study using
self-reported height and weight: the prevalence with
body mass index (BMI) ≥25 kg/m2 reached 56% at age
65–74 years [3]. Overweight and obesity are important
risk factors for chronic diseases and disability [4]. The
youngest old deserve special attention because while the
risks of obesity, chronic diseases, and disability are still
present at this age, this population bears the additional
risk of malnutrition, frailty [5], and sarcopenia [6,7]. In
obese older adults, improving dietary habits and in-
creasing physical activity (PA) appear to be the most
effective strategies in helping to decrease body weight
and improve function and survival [4,8,9]. PA has the
potential to reduce the risks of both obesity [10] and
sarcopenia [11]. To our knowledge, most randomized
controlled trials focus on increasing the frequency of
sports sessions, while increasing PA in everyday life
in the long term is less often the target. In addition,
participants are rarely asked in observational studies
on PA if they usually climb stairs in their daily life.
In this context, it is important to have a more precise
picture of how persons of the general population aged
65 to 70 years eat and expend energy, and how these be-
haviors are affected by socioeconomic factors. According
to our literature review, the associations of eating habits
and PA with socioeconomic position and adiposity have
not been explored in detail in this age range. A positive
link between socioeconomic level and PA has been
described [12,13] in older adults. Concerning dietary
habits, a Swiss study (CoLaus) in the same city has re-
cently observed that the nutritional recommendations
were only slightly followed in the general population
(age range 40–82 years at follow-up) [14]: only 39%
and 7% complied with the Swiss recommendations for
fruit (≥ 2/day) and vegetables (≥ 3/day). Many studies
in young adults have observed that nutrition knowledge
and compliance with dietary guidelines have positive
relationships with female sex, marital situation [15], high
socioeconomic position [12], and higher fast food prices
[16]. In Switzerland, a link between overweight and
obesity and low education status has been observed
in four cross-sectional National health surveys using
representative samples of the Swiss population aged
18–102 years [1]; however differences in financial re-
sources were not taken into account in this analysis.
Changes in body composition are observed with ad-
vancing age [8,17], highlighting the need to monitoradiposity trends with several indicators, including BMI
and waist circumference (WC) [18]. Although sophisti-
cated methods exist for exploring adiposity, simple mea-
sures such as anthropometric indicators are useful for
routine clinical practice and public health surveillance.
The present article aims to identify a hierarchy in pre-
vention efforts: diet, versus PA; and daily PA versus
sports frequency. We hypothesized that the youngest old
with more or less healthy eating habits, daily PA, and
sports frequency would have different anthropometric
adiposity values. Our aim was to describe 1) eating
habits, daily physical activity (PA), and sports frequency
in community-dwelling adults aged 65 to 70, 2) the links
of each of these behaviors with socioeconomic factors,
and 3) with adiposity.
Methods
Study design and participants
The Lausanne cohort Lc65+, a study of the manifesta-
tions, determinants and outcomes of frailty [19], recruited
individuals aged 65–70 in 2004, stemming from a repre-
sentative sample of the general non-institutionalized
population living in Lausanne (random sample from the
list of all inhabitants given by the Population Office). The
design of Lc65+ has already been described [19]. The eth-
ics committee of the Faculty of Biology and Medicine of
the University of Lausanne has approved the protocol. All
participants provided written informed consent. Persons
living in institutions or unable to respond because of ad-
vanced dementia were excluded. Of the 3,056 people who
were initially mailed questionnaires, 2,096 (69%) replied,
of whom 1,564 (75%) agreed to participate [19]. Overall,
nonparticipants had demographic characteristics similar
to those of participants [19]; only 8% of those refusing to
participate attributed their refusal to poor health, and 58%
had “a general reluctance to participate in any survey”. Of
the 1,564 respondents to the initial questionnaire, 1,524
(97.4%) were still eligible, and 1,422 (93.3%) participated
in the baseline assessment in 2005 [5,19]. This report is
based on a cross-sectional analysis of the cohort at base-
line (2004–5). Eating habits [20] and PA could be influ-
enced by cognitive impairment. Therefore, 162 persons
with Mini-mental State Score <24 [21] (n = 49) or missing
(n = 113) were excluded and 1,260 participants remained
in this analysis.
In 2004, all participants completed a questionnaire sent
at home; in 2005, they underwent the assessment at the
study center with an interview, measurements, and per-
formance tests conducted by trained medical assistants.
Eating habits and physical activity
A selection of 8 items stemming from the Mini Nutri-
tional Assessment (MNA) [22], and describing eating
habits was asked to the study population. The MNA is a
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older adults [22].
The following MNA questions were selected (Tables 1
and 2): A) How many full meals do you eat daily? 1) 1
meal; 2) 2 meals; and 3) 3 meals. B) Do you consume at
least one serving of dairy products per day? 1) yes; 2) no.
C) Do you consume at least two servings of legumes or
eggs per week? 1) yes; 2) no. D) Do you consume meat,
fish or poultry every day? 1) yes; 2) no. E) Do you consume
two or more servings of fruits or vegetables per day? 1) yes;
2) no. F) Do you have a loss of appetite? 1) yes, severe;
2) yes, moderate; 3) not at all. G) How many drinks
do you consume per day (water, juice, coffee, tea, milk,
wine, beer, soup…)? 1) less than 3 glasses (1 glass = 2 dl.);
2) 3 to 5 glasses; 3) more than 5 glasses. H) Do you view
yourself as being well fed, as having no nutritional
problem? 1) severe malnutrition; 2) does not know or
moderate malnutrition; 3) no nutritional problem. The
8 items’ distributions are shown in Table 1.
Since the MNA does not include any quantitative
assessment of total energy intake, only three ques-
tions entailing indirect (however incomplete) informa-
tion about energy intake were kept for multivariate
analyses of the associations between diet and PA and
adiposity indicators. In order to have a simple binary
variable summarizing protein intake in these analyses,
“sufficient protein intake” was defined if the participant re-
ported eating meat, fish or poultry every day, or as an al-
ternative, if he consumed dairy products ≥ once a day and
eggs or leguminous plants ≥ twice/week.
PA was assessed with 2 main questions, described here-
after: daily PA and sports frequency (Table 3). This meas-
urement of PA based on two questions has been adapted
from the Monitoring of Trends and Determinants in
Cardiovascular Disease Physical Activity Questionnaire
[23,24] to suit activity patterns of individuals aged 65–70.
In order to compare daily PA and sports frequency with
respect to their association with adiposity, a four-category
variable named “Daily PA and sports” combining both var-
iables was created: “daily PA and sports” is a combination
of a 4-category ordered variable (daily PA, further dichoto-
mized around use, versus avoidance of stairs and loads)
and a binary variable (sports frequency): A) Daily PA:
“Which statement best describes your current daily phys-
ical activity? 1) I am sitting or lying most of the time and I
am not moving much; 2) I often walk, but I avoid taking
stairs and carrying loads; 3) I often walk and I take stairs,
I carry light loads; and 4) I make an important physical
effort, I often carry heavy loads.” In the Figure 1 and in
Table 4, categories 1) and 2) of daily PA are aggregated
and labeled “No stairs”; categories 3) and 4) are aggre-
gated and labeled “Stairs”. B) Sports frequency: “How often
do you play sports for at least 20 minutes (for example,
gymnastics, tennis, running, football, biking…)? <1x/week;versus ≥1/week.”. “No sport” is the label for sports fre-
quency <1×/week in the Figure 1 and in Table 4. “Sports
weekly” is the label for sports ≥1×/week. Therefore, the 4
categories of variable “Daily PA and sports” are: I) no
stairs, no sport, II) no stairs, but sports weekly, III) stairs,
but no sport, and IV) stairs and sports weekly.
Adiposity indicators
Height, weight, supra-iliac skin-fold (SISF), triceps skin-
fold (TSF), waist (WC), and hip circumferences were
measured without shoes. Weight was assessed with a
digital SECA scale. The standard procedure recom-
mended in NHANES III [25] was followed. WC was
measured at the level midway between the lowest rib
and the highest point of the iliac crest. Hip circumfer-
ence was recorded as the maximum circumference over
the buttocks. Skin-folds were measured with a GPM®
caliper on the dominant side. Overweight and obesity
were defined according to body mass index (BMI = 25.0-
29.9 kg/m2 and ≥30.0 kg/m2). Abdominal obesity was
considered if WC was ≥102 cm for men and ≥88 cm for
women [26].
Other Covariates
Potential confounders of the diet-adiposity relationship
or the PA-adiposity association are shown in Table 1
and adjusted for in multivariate models (Tables 3 and
4): age, living arrangement (living alone, 0/1), financial
difficulties, symptoms of depression, education, and smok-
ing status are known to be associated with eating habits
[15,27,28], PA (as independent variables) [12,29], and
adiposity (as the dependent variable) [8]. The educa-
tional level entitled “high school or more” includes high
school, professional school, or university. Living alone was
assessed by the question: “With how many persons are you
currently living? 1) I am living alone; 0) I am living with …
persons”. Financial difficulties was a variable of interest for
objective 2 (the cross-sectional association between eating
habits, PA, and socio-economic factors), and a potential
confounder for objective 3. It is defined in the foot-
notes of Tables 1, 2, 3, and 4. Current symptoms of de-
pression were considered for the participants who had
answered “yes” to at least one of two screening questions
[30]: “During the past month have you often been bothered
by feeling down, depressed, or hopeless?” and “During the
past month have you often been bothered by little interest
or pleasure in doing things?” Since eating habits, PA,
and adiposity indicators differ between men and women
[31,32], all analyses are stratified by sex.
Statistical analyses
Results were expressed as absolute numbers and percent-
ages. Bivariate comparisons were performed using the chi-
square test or Fisher exact test for categorical variables.
Table 1 Obesity, eating habits and physical exercise in 2004-2005
Men Women χ2
N = 519 N = 741 P-value
N (%) N (%)
OBESITY PREVALENCE
Body mass index category: <0.001
Underweight (BMI < 18.5 kg/m2) 0 (0.0 ) 19 (2.6 )
Normal weight (BMI 18.5-24.9 kg/m2) 120 (23.3 ) 290 (39.2 )
Overweight (BMI 25.0-29.9 kg/m2) 271 (52.6 ) 260 (35.2 )
Obesity (BMI≥ 30.0 kg/m2) 124 (24.1 ) 170 (23.0 )
Abdominal obesity (waist circumference: WC≥ 102 cm in men, ≥ 88 cm in women) 228 (44.6 ) 334 (45.3 ) 0.823
WC-defined normal weight obesity (BMI < 25 kg/m2 and WC≥ 102 cm in men, ≥ 88 cm in women) 0 (0.0 ) 16 (2.2 ) <0.001**
WHR-defined normal weight obesity (BMI < 25 kg/m2 and WHR≥ 66th gender-specific percentile) 12 (2.3 ) 37 (5.0 ) 0.017 **
EATING HABITS
Questions from the MNA:
Number of meals per day* 0.177
1 meal/day 33 (6.4 ) 60 (8.1 )
2 meals/day 204 (39.4 ) 257 (34.8 )
3 meals/day 281 (54.3 ) 422 (57.1 )
Meat, fish or poultry everyday 265 (51.3 ) 343 (46.4 ) 0.087
Dairy products≥ once a day 425 (82.1 ) 643 (86.8 ) 0.021
Eggs or leguminous plants≥ twice/week 254 (49.0 ) 350 (47.2 ) 0.529
“Sufficient protein intake”† 375 (72.5 ) 514 (69.5) 0.239
Fruit or vegetables≥ twice/day 417 (80.5 ) 666 (90.1 ) <0.001
Drinks per day 0.223
<3 glasses (1 glass = 2 dl.) 40 (7.7 ) 58 (7.8 )
3 to 5 glasses 199 (38.4 ) 250 (33.7 )
>5 glasses 279 (53.9 ) 433 (58.4 )
Loss of appetite 0.627
Yes, severe 1 (0.2 ) 4 (0.5 )
Yes, moderate 25 (4.8 ) 35 (4.7 )
Not at all 492 (95.0 ) 701 (94.7 )
Self-perception of nutrition 0.708
Severe malnutrition 0 (0.0 ) 0 (0.0 )
Doesn’t know/moderate malnutrition 21 (4.1 ) 27 (3.6 )
No nutritional problem 497 (96.0 ) 714 (96.4 )
PHYSICAL ACTIVITY (PA):
Daily PA: 0.003
Sitting or lying most of the time 39 (7.5 ) 37 (5.1 )
Often walking, but avoids stairs and loads 66 (12.8 ) 144 (19.7 )
Often walking and using stairs, carrying light loads 373 (72.2 ) 512 (69.9 )
Important physical activity, carries heavy loads 39 (7.5 ) 40 (5.5 )
Sports (≥20 minutes) frequency: 0.236
Less than once a week 246 (49.3 ) 359 (51.9 )
Once or twice a week 154 (30.9 ) 222 (32.1 )
Thrice a week or more 99 (19.8 ) 111 (16.0 )
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Table 1 Obesity, eating habits and physical exercise in 2004-2005 (Continued)
ADJUSTMENT VARIABLES:
Living alone (0/1) 96 (18.5 ) 346 (46.7 ) <0.001
Financial difficulties (0/1)‡ 123 (23.7 ) 207 (27.9 ) 0.092
Current symptoms of depression 97 (19.0 ) 201 (27.7 ) <0.001
Education <0.001
Basic compulsory 82 (15.9 ) 218 (29.5 )
Apprenticeship 225 (43.5 ) 274 (37.1 )
High school or more 210 (40.6 ) 246 (33.3 )
Current smoking§ 119 (23.2 ) 143 (19.5 ) 0.112
Categorical variables are given in numbers (%); the chi-square P-value compares proportions across sexes.
**Fisher’s exact test.
*Instructions given to interviewers: a breakfast includes a drink and one solid food item. A lunch or dinner meal needs to include a source of proteins, starchy
food (feculent), and fruit or vegetables. It can be warm or cold. A sandwich is not considered as a meal.
†In order to have an approximate summary measure for protein intake, “Sufficient protein intake” was defined if the participant reported eating meat, fish or
poultry every day, or as an alternative, if he consumed dairy products ≥ once a day and eggs or leguminous plants ≥ twice/week.
‡Financial difficulties were considered if any of the following criteria was fulfilled: 1) current income clearly lower than others, 2) sometimes difficulty to make
ends meet, 3) subsidy for health insurance, or 4) complementary subsidy (from old age insurance).
§Participants who had stopped smoking before less than one year are considered current smokers in the analyses.
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of the cross-sectional associations between eating habits
and age, living arrangement, financial difficulties, symp-
toms of depression, and education. Table 3 shows multi-
variate logistic regression analyses of the cross-sectional
associations of “daily PA” and “sports weekly” with age,
living arrangement, financial difficulties, depressive symp-
toms, education, and current smoking.
Table 4 shows multivariate linear regressions of the
cross-sectional associations of each of five anthropomet-
ric adiposity indicators with eating habits and PA. Eating
habits and PA are simultaneously included in the same
model. Since residuals had skewed distributions, all
adiposity indicators were log-transformed. All potential
confounders included in the adjustment are shown in
Table 4. Statistical analyses were performed using Stata 12
software (Stata Corp, College Station, TX).
Results
Eating habits and PA
The prevalence of underweight (BMI < 18.5 kg/m2) and
normal weight was 0% and 23% among men, respect-
ively 3% and 39% among women. Overweight and obesity
prevalence was 53% and 24% among men, 35% and 23%
among women. Abdominal obesity prevalence was 45%
(both sexes). The prevalence of normal weight central obes-
ity (BMI <25.0 kg/m2 and WC ≥ 102 cm for men, ≥ 88 cm
for women) was 0.0% among men, and 2.2% (16/736)
among women. The prevalence with BMI < 25.0 kg/m2 and
WHR ≥ 66th gender-specific percentile was 2.3% in men
and 5.0% in women (Table 1).
According to Table 1, 81% of men and 90% of women
ate fruit or vegetables (FV) ≥2×/day (chi-square P < 0.001).
5% of both men and women reported moderate appetiteloss and 4% moderate malnutrition (or unawareness of
their own nutritional state).
Concerning physical activity (PA) in daily life, a higher
proportion of women (25%) avoided using stairs or carry-
ing loads than men (20%, chi-square P = 0.003). About half
of men and women played sports <1×/week, without any
significant sex difference. Women more frequently lived
alone (47% vs. 19%, chi-square P < 0.001) and more often
experienced symptoms of depression than men (28% vs.
19%, chi-square P < 0.001). Financial difficulties (about
one quarter) and smoking (about one fifth) were equally
distributed among sexes.
Links of eating habits and physical activity with
socio-economic factors
According to Table 2, eating FV ≥ twice/day was nega-
tively associated with financial difficulties and positively
with education. Among men, eating 3 meals per day was
significantly negatively associated with financial difficul-
ties (OR = 0.6, 95% CI = 0.4–0.9). Among women, eating
meat, fish, or poultry every day was positively related
with being younger (OR = 1.1, 95% CI = 1.0–1.2 for each
additional birth year); but very strongly negatively with
living alone (OR = 0.5, 95% CI = 0.4–0.7). Men living
alone were less likely to eat FV ≥2×/day (OR = 0.5, 95%
CI = 0.3–0.9). Self-perception of malnutrition was strongly
associated with living alone in both sexes. In men, this
perception was also associated with financial difficulties
(OR = 3.2, 95% CI = 1.2-8.7). Symptoms of depression
were strongly associated with appetite loss in both sexes
and with perception of moderate malnutrition in women
(OR = 3.8, 95% CI = 1.7-8.5).
Table 3 shows that both daily PA and sports weekly have
strong and significant negative links with financial difficulties
Table 2 Associations of eating habits with age, living arrangement, financial difficulties, symptoms of depression, and education
3 meals/day
(versus 1 or 2)
Dairy products ≥ once a day
(yes versus no)
Eggs or leguminous
plants ≥ twice/week
(yes versus no)
Meat, fish or poultry
everyday (yes versus no)
“Sufficient protein
intake”‡
(yes versus no)
OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI]
MEN
Age (per 1-birth year) 1.0 [0.9-1.1] 0.8 [0.7-1.0]* 1.1 [0.9-1.2] 1.1 [0.9-1.2] 1.1 [0.9-1.3]
Living alone (0/1) 0.7 [0.5-1.2] 0.7 [0.4-1.2] 0.8 [0.5-1.3] 0.9 [0.6-1.5] 0.9 [0.5-1.5]
Financial difficulties (0/1)† 0.6 [0.4-0.9]* 0.7 [0.4-1.1] 0.9 [0.6-1.4] 0.8 [0.5-1.2] 0.7 [0.5-1.1]
Symptoms of depression (0/1) 0.7 [0.4-1.1] 1.0 [0.5-1.8] 0.9 [0.6-1.4] 1.0 [0.6-1.6] 0.9 [0.6-1.5]
Education
Basic compulsory 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
Apprenticeship 1.0 [0.6-1.7] 2.0 [1.1-3.7]* 1.6 [1.0-2.8] 1.6 [0.9-2.7] 1.9 [1.1-3.4]*
High school or more 1.4 [0.8-2.3] 2.6 [1.4-4.9]** 1.6 [1.0-2.8] 1.2 [0.7-2.0] 1.5 [0.8-2.5]
WOMEN
Age (per 1-birth year) 1.0 [0.9-1.1] 0.9 [0.8-1.1] 0.9 [0.8-1.0] 1.1 [1.0-1.2]* 1.0 [0.9-1.1]
Living alone (0/1) 0.9 [0.7-1.2] 0.8 [0.5-1.2] 0.7 [0.6-1.0] 0.5 [0.4-0.7]*** 0.5 [0.4-0.8]***
Financial difficulties (0/1)† 0.8 [0.5-1.1] 1.1 [0.7-1.9] 0.9 [0.6-1.2] 1.0 [0.7-1.3] 0.8 [0.6-1.2]
Symptoms of depression (0/1) 0.7 [0.5-1.0] 0.8 [0.5-1.3] 1.2 [0.9-1.7] 1.3 [0.9-1.8] 1.5[1.0-2.2]
Education
Basic compulsory 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
Apprenticeship 0.9 [0.6-1.3] 1.4 [0.8-2.5] 1.2 [0.9-1.8] 1.0 [0.7-1.4] 1.1 [0.7-1.6]
High school or more 1.2 [0.8-1.8] 1.0 [0.6-1.7] 1.1 [0.7-1.6] 0.8 [0.6-1.2] 0.9 [0.6-1.3]
Fruit or vegetables ≥
twice/day (yes versus no)
> 5 glasses/day
(versus ≤5 drinks/day)
Loss of appetite
(yes versus not at all)
Self-perception: moderate
malnutrition or doesn’t know
(versus no nutritional problems)
OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI]
MEN
Age (per 1-birth year) 1.0 [0.9-1.2] 1.1 [0.9-1.2] 1.0 [0.8-1.4] 1.0 [0.7-1.5]
Living alone (0/1) 0.5 [0.3-0.9]* 1.0 [0.6-1.6] 2.2 [0.9-5.4] 5.0 [1.9-13.6]**
Financial difficulties (0/1)† 0.6 [0.4-1.0]* 1.0 [0.7-1.6] 1.1 [0.4-2.8] 3.2 [1.2-8.7]*
Symptoms of depression (0/1) 0.7 [0.4-1.3] 0.9 [0.6-1.4] 2.5 [1.1-6.1]* 1.6 [0.5-4.5]
Education
Basic compulsory 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
Apprenticeship 1.2 [0.7-2.2] 0.6 [0.4-1.0] 1.7 [0.5-6.5] 1.6 [0.4-6.4]
High school or more 2.4 [1.2-4.5]* 0.6 [0.4-1.0] 1.0 [0.3-4.1] 0.8 [0.2-3.5]
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Table 2 Associations of eating habits with age, living arrangement, financial difficulties, symptoms of depression, and education (Continued)
WOMEN
Age (per 1-birth year) 1.0 [0.9-1.2] 1.2 [1.0-1.3]* 1.0 [0.8-1.3] 1.1 [0.8-1.5]
Living alone (0/1) 0.8 [0.5-1.4] 0.8 [0.6-1.1] 1.1 [0.6-2.1] 2.5 [1.1-5.9]*
Financial difficulties (0/1)† 0.5 [0.3-0.9]* 1.2 [0.8-1.7] 1.2 [0.6-2.5] 1.4 [0.6-3.3]
Symptoms of depression (0/1) 1.2 [0.7-2.0] 1.1 [0.8-1.5] 3.4 [1.7-6.6]*** 3.8 [1.7-8.5]**
Education
Basic compulsory 1.0 (ref) 1.0 (ref) 1.0 (ref) 1.0 (ref)
Apprenticeship 1.2 [0.7-2.2] 1.2 [0.8-1.7] 1.0 [0.4-2.3] 1.0 [0.3-2.7]
High school or more 1.8 [0.9-3.4] 1.0 [0.7-1.5] 1.9 [0.9-4.4] 1.6 [0.6-4.2]
Multivariate logistic regression analysis; one separate model for each sex; approximate N = 507 for men, 724 for women.
*P < 0.05; **P < 0.01; ***P < 0.001.
†Financial difficulties were considered if any of the following criteria was fulfilled: 1) current income clearly lower than others, 2) sometimes difficulty to make ends meet, 3) subsidy for health insurance,
or 4) complementary subsidy (from old age insurance).
‡“Sufficient protein intake” was defined if the participant reported eating meat, fish or poultry every day, or as an alternative, if he consumed dairy products ≥ once a day and eggs or leguminous plants ≥ twice/week.
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Table 3 Association of physical activity with socio-economic and lifestyle factors
Daily PA Sports weekly
OR [95% CI] P-value OR [95% CI] P-value
MEN
N 501 486
Age (per 1-birth year) 1.0 [0.8-1.1] 0.623 1.0 [0.9-1.1] 0.865
Living alone (0/1) 0.5 [0.3-0.9] 0.013 0.7 [0.4-1.1] 0.094
Financial difficulties (0/1)† 0.4 [0.3-0.7] 0.001 0.5 [0.3-0.8] 0.002
Symptoms of depression (0/1) 0.8 [0.4-1.3] 0.367 0.9 [0.5-1.4] 0.635
Education
Basic compulsory 1 (ref) 1 (ref)
Apprenticeship 1.1 [0.6-2.1] 0.780 1.0 [0.6-1.7] 0.991
High school or more 1.6 [0.8-3.1] 0.150 1.4 [0.8-2.4] 0.265
Current smoking (0/1)‡ 0.6 [0.4-1.1] 0.090 0.4 [0.3-0.7] <0.001
WOMEN
N 713 677
Age (per 1-birth year) 1.1 [0.9-1.2] 0.373 1.1 [1.0-1.2] 0.131
Living alone (0/1) 0.8 [0.6-1.1] 0.234 1.0 [0.7-1.4] 0.978
Financial difficulties (0/1)† 0.6 [0.4-0.9] 0.008 0.6 [0.4-0.8] 0.002
Symptoms of depression (0/1) 0.6 [0.4-0.9] 0.017 1.0 [0.7-1.4] 0.933
Education
Basic compulsory 1 (ref) 1 (ref)
Apprenticeship 1.2 [0.8-1.8] 0.386 1.2 [0.8-1.7] 0.473
High school or more 1.7 [1.1-2.7] 0.018 1.7 [1.1-2.6] 0.010
Current smoking (0/1)‡ 0.8 [0.6-1.3] 0.458 0.4 [0.3-0.7] <0.001
ALL
N 1214 1163
Age (per 1-birth year) 1.0 [0.9-1.1] 0.675 1.0 [1.0-1.1] 0.290
Male sex 1.3 [0.5-3.2] 0.588 1.5 [0.7-3.3] 0.331
Living alone (0/1) 0.8 [0.6-1.2] 0.289 1.0 [0.7-1.4] 0.985
Financial difficulties (0/1)† 0.5 [0.4-0.7] <0.001 0.5 [0.4-0.7] <0.001
Symptoms of depression (0/1) 0.6 [0.4-0.9] 0.023 1.0 [0.7-1.4] 0.954
Education
Basic compulsory 1 (ref) 1 (ref)
Apprenticeship 1.2 [0.8-1.7] 0.414 1.1 [0.8-1.6] 0.443
High school or more 1.7 [1.1-2.7] 0.021 1.7 [1.1-2.6] 0.009
Current smoking (0/1)‡ 0.8 [0.5-1.1] 0.102 0.4 [0.3-0.6] <0.001
Living alone*male sex 0.6 [0.3-1.1] 0.115 0.7 [0.4-1.2] 0.151
Depressive symptoms*male sex 1.1 [0.6-2.2] 0.687 0.9 [0.5-1.6] 0.691
Education*male sex 1.0 [0.7-1.5] 0.951 0.9 [0.6-1.3] 0.528
Daily physical activity (PA, 0/1):1) Often walking and using stairs, carrying light loads, and important physical activity, carries heavy loads; 0) sitting or lying most of
the time, or often walking, but avoiding stairs and loads. Sports weekly (0/1): Sports frequency <1×/week (0), versus ≥1×/week (1). Multivariate logistic
regression analysis.
†Financial difficulties were considered if any of the following criteria was fulfilled: 1) current income clearly lower than others, 2) sometimes difficulty to make
ends meet, 3) subsidy for health insurance, or 4) complementary subsidy (from old age insurance).
‡Participants who had stopped smoking before less than one year are considered current smokers in the analyses.
*Interaction.
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Figure 1 Mean adiposity indicators according to category of physical activity (unadjusted), 2005. Categories of variable “Daily PA and
sports”: No stairs: sitting or lying most of the time, or often walking, but avoiding stairs and loads (versus often walking and using stairs, carrying
light loads, and important physical activity, carries heavy loads). No sport: sports (≥20 minutes) frequency <1×/week (versus ≥1×/week).
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level in women only; however the interaction was not sta-
tistically significant. Unlike women, men living alone were
significantly less likely to use stairs and carry light loads in
their daily life than men living with someone (OR = 0.5,
95% CI = 0.3-0.9). No sex interaction reached significance.
Sports weekly, but not daily PA, had strong significant
negative links with current smoking in both sexes.
Across the 4 categories of variable “Daily PA and
sports”, there was a gradual decrease in the prevalenceof participants living alone, experiencing financial difficul-
ties, depressive symptoms, current smoking, and a gradual
increase in educational level. The test for trend P-value
was statistically significant (P < 0.05) for all above men-
tioned associations (Additional file 1).
Links of eating habits and physical activity with adiposity
The Figure 1 shows univariate associations between each
adiposity indicator and variable “Daily PA and sports”.
Men had higher BMI, WC, and waist-to-hip ratio (WHR)
Table 4 Associations of five log-transformed adiposity indicators with eating habits and physical activity
Ln (BMI) Ln (WC) Ln (WHR) Ln (SISF) Ln (TSF)
ß [95% CI] P ß [95% CI] P ß [95% CI] P ß [95% CI] P ß [95% CI] P
MEN: (N ≥ 477):
Eating habits:
Three meals/day −0.02 [−0.04-0.01] −0.01 [−0.02-0.01] −0.01 [−0.02-0.00] 0.00 [−0.07-0.08] −0.04 [−0.11-0.03]
Fruit and veg. ≥twice/day 0.00 [−0.03-0.03] 0.00 [−0.02-0.03] 0.00 [−0.02-0.01] 0.05 [−0.05-0.14] 0.02 [−0.07-0.12]
Sufficient protein intake$ 0.03 [0.00-0.06] * 0.03 [0.01-0.05] ** 0.02 [0.01-0.03] ** 0.04 [−0.04-0.12] −0.03 [−0.11-0.04]
Daily PA and sports
1: No stairs, no sport 0 (ref.) 0 (ref.) 0 (ref.) 0 (ref.) 0 (ref.)
2: No stairs, sports ≥1×/wk −0.03 [−0.08-0.03] −0.03 [−0.07-0.02] 0.00 [−0.03-0.03] −0.25 [−0.43- -0.07] ** −0.22 [−0.40- -0.04] *
3: Stairs, no sport −0.07 [−0.11- -0.04] *** −0.06 [−0.09- -0.03] *** −0.02 [−0.04- -0.01] * −0.24 [−0.35- -0.13] *** −0.18 [−0.29- -0.07] **
4: Stairs, sports ≥1×/wk −0.09 [−0.13- -0.05] *** −0.10 [−0.12- -0.07] *** −0.05 [−0.07- -0.03] *** −0.30 [−0.41- -0.18] *** −0.20 [−0.31- -0.09] **
Age (per 1-birth year) 0.01 [0.00-0.01] 0.00 [0.00-0.01] 0.00 [0.00-0.01] 0.02 [0.00-0.05] 0.00 [−0.02-0.03]
Living alone (0/1) −0.03 [−0.06-0.00] −0.01 [−0.04-0.01] 0.01 [−0.01-0.02] 0.03 [−0.07-0.12] 0.02 [−0.08-0.11]
Financial diff. (0/1)€ −0.01 [−0.03-0.02] 0.00 [−0.02-0.02] 0.00 [−0.01-0.01] −0.01 [−0.10-0.08] 0.01 [−0.07-0.10]
Symptoms of depression 0.03 [0.00-0.06] * 0.02 [−0.01-0.04] 0.00 [−0.01-0.02] 0.06 [−0.04-0.15] 0.04 [−0.06-0.13]
Education
Basic compulsory 0 (ref.) 0 (ref.) 0 (ref.) 0 (ref.) 0 (ref.)
Apprenticeship −0.03 [−0.07-0.00] −0.02 [−0.05-0.01] −0.01 [−0.03-0.01] −0.01 [−0.11-0.10] −0.03 [−0.13-0.07]
≥High school −0.05 [−0.09- -0.02] ** −0.03 [−0.06- -0.01] * −0.02 [−0.04- -0.01] * −0.02 [−0.13-0.08] −0.03 [−0.13-0.08]
Current smoking (0/1)§ −0.04 [−0.07- -0.01] * −0.01 [−0.03-0.01] 0.01 [−0.01-0.02] −0.11 [−0.20- -0.03] * −0.05 [−0.14-0.03]
WOMEN (N ≥ 657)
Eating habits:
Three meals/day 0.00 [−0.03-0.03] 0.01 [−0.02-0.03] 0.00 [−0.01-0.01] 0.06 [−0.02-0.13] −0.03 [−0.09-0.03]
Fruit and veg. ≥twice/day 0.05 [0.00-0.10] * 0.02 [−0.02-0.05] −0.01 [−0.03-0.01] 0.14 [0.02-0.27] * 0.14 [0.04-0.23] **
Sufficient protein intake$ 0.03 [0.00-0.06] 0.02 [0.00-0.04] 0.01 [−0.01-0.02] 0.04 [−0.04-0.11] 0.05 [−0.01-0.11]
Daily PA and sports
1: No stairs, no sport 0 (ref.) 0 (ref.) 0 (ref.) 0 (ref.) 0 (ref.)
2: No stairs, sports ≥1×/wk −0.04 [−0.10-0.01] −0.02 [−0.07-0.02] 0.00 [−0.03-0.03] −0.16 [−0.32-0.00] * −0.13 [−0.25- -0.01] *
3: Stairs, no sport −0.12 [−0.16- -0.08] *** −0.08 [−0.11- -0.05] *** −0.03 [−0.04- -0.01] ** −0.25 [−0.36- -0.14] *** −0.15 [−0.23- -0.07] ***
4: Stairs, sports ≥1×/wk −0.16 [−0.20- -0.12] *** −0.12 [−0.15- -0.09] *** −0.03 [−0.05- -0.01] ** −0.34 [−0.45- -0.23] *** −0.19 [−0.27- -0.11] ***
Age (per 1-birth year) 0.00 [−0.01-0.01] 0.00 [−0.01-0.01] 0.00 [0.00-0.00] 0.01[−0.02-0.03] 0.00 [−0.02-0.02]
Living alone (0/1) −0.03 [−0.06-0.00] * −0.02 [−0.04-0.00] −0.01 [−0.02-0.01] −0.05 [−0.12-0.03] −0.06 [−0.11-0.00] *
Financial diff. (0/1)€ 0.04 [0.01-0.07] * 0.02 [−0.01-0.04] 0.00 [−0.01-0.02] 0.08 [−0.01-0.16] 0.05 [−0.01-0.12]
Symptoms of depression 0.01[−0.02-0.04] 0.01[−0.01-0.04] 0.01[0.00-0.02] 0.06[−0.02-0.14] 0.01[−0.05-0.07]
Education
Basic compulsory 0 (ref.) 0 (ref.) 0 (ref.) 0 (ref.) 0 (ref.)
Apprenticeship −0.02[−0.05-0.01] −0.01[−0.03-0.02] −0.01[−0.02-0.01] −0.04[−0.13-0.05] −0.02[−0.09-0.05]
≥High school −0.06[−0.10- -0.03] *** −0.04[−0.06- -0.01] ** −0.02[−0.03-0.00] * −0.14[−0.23- -0.05] ** −0.07[−0.14-0.00]
Current smoking (0/1)§ −0.07[−0.11- -0.04] *** −0.04[−0.06- -0.01] ** 0.00[−0.01-0.02] −0.21[−0.30- -0.12] *** −0.15[−0.22- -0.08] ***
Multivariate linear regression analysis. The table shows all covariates included in the adjustment.
$“Sufficient protein intake” was defined if the participant reported eating meat, fish or poultry every day, or as an alternative, if he consumed dairy products≥ once a
day and eggs or leguminous plants ≥ twice/week.
€Financial difficulties (diff.) are considered if any of the following criteria is fulfilled: 1) current income clearly lower than others, 2) sometimes difficulty to make
ends meet, 3) subsidy for health insurance, or 4) complementary subsidy (from old age insurance).
§Participants who had stopped smoking before less than one year are considered current smokers in the analyses.
*P < 0.05; **P < 0.01; ***P < 0.001.
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SISF and TSF mean values than men. For all five adiposity
indicators and in both sexes, a progressive decrease in adi-
posity was observed from category “No stairs, no sport”,
to “No stairs, sports weekly”, to “Stairs, no sport”, and
finally “Stairs, sports weekly”. This consistent univariate
association was statistically significant for all indicators
(test for trend P-value <0.001 for all indicators, except
TSF among men: P-value = 0.002). This Figure 1 suggests
that adiposity values were higher among participants
taking no stairs in daily life, but doing sports ≥1×/week,
than among persons taking stairs, but doing sports <1×/
week. The same progressive decrease in median adiposity
values across categories of PA was observed for all five
indicators and in both sexes (Additional file 2). The
prevalence of obesity (BMI ≥ 30.0 kg/m2) was respect-
ively 45.6%, 41.4%, 19.3%, and 17.6% in men, respectively
44.8%, 41.2%, 21.6%, and 11.0% in women in categories “no
stairs, sports < once/week”, “no stairs, sports ≥ once/week”,
“stairs, sports < once/week”, and “stairs, sports ≥ once/
week” (chi-square and univariate test for trend P-
values <0.001 in both sexes). Corresponding prevalence
estimates for abdominal obesity were 69.7%, 62.1%, 44.0%,
and 34.2% in men, respectively 69.0%, 68.6%, 42.3%, and
32.7% in women (chi-square and univariate test for trend
P-values <0.001 in both sexes).
According to Table 4, “sufficient protein intake” was
positively linked with BMI, WC, and WHR in men. FV
intake was positively related to BMI, SISF, and TSF in
women. Except for SISF and TSF in men (with similar ß
coefficients across PA categories), the gradual decrease
in adiposity across categories of increasing PA observed
in the Figure 1 was confirmed with multiple adjustment
in both sexes (Table 4). Unlike men, women living alone
had slightly lower BMI and TSF values than women liv-
ing with someone. Current smoking was strongly signifi-
cantly negatively associated with all adiposity indicators
but WHR in women. Additional adjustment for number
of chronic diseases and self-rated health yielded similar
results (Additional file 3).
Discussion
In this community-dwelling population aged 65–70,
overweight and obesity affected more than three quar-
ters of men, and between half and two thirds of women.
Abdominal obesity almost hit half of both sexes. Normal
weight abdominal obesity, defined as BMI < 25 kg/m2
and WC ≥102 cm in men, 88 cm in women, was absent
among men, and very rare among women. A gradual de-
crease in adiposity was almost consistently observed
across categories of increasing PA. Adiposity values were
higher among participants taking no stairs in daily life,
but doing sports ≥1×/week, than among persons taking
stairs, but doing sports <1×/week. In both sexes, eatingFV ≥2×/day, taking stairs every day, and doing sports ≥
once a week were strongly negatively associated with
financial difficulties, and positively with education. The
independent and significant negative association of adi-
posity with PA and education in Lc65+ might be explained
by higher fat and total energy intake among less educated
persons [33]; these nutritional items were not assessed. A
large European cross-sectional study reported a strong as-
sociation between low levels of PA (during work and leis-
ure time) and obesity, while adjusting for educational level
and total energy intake [34].
The main limitations of the present study include the
lack of data on total energy intake, fat intake, and sugar
intake (the MNA does not include any question on
dessert or sugar); the lack of information on total en-
ergy intake limited the interpretation of the results, in
particular for Table 4. MNA items are categorical and
do not allow any quantitative estimation of food intake.
Therefore, the present report only presents a few items
about eating habits, and does not provide a real dietary
assessment. Daily PA and sports frequency were self-
reported; a measurement bias could have occurred if par-
ticipants with higher adiposity values had over-reported
their sports frequency, but not their daily PA. To our
knowledge, no such a systematic differential bias has pre-
viously been described. These analyses could be replicated
in studies objectively measuring daily PA and sports fre-
quency. The number of stairs was not specified in the
question asked to the participants, nor the number of mi-
nutes spent on each of the sports (except that it was at
least 20 minutes per session). Therefore, it is not precise
enough to clearly establish that there is a dose–response
relationship. In addition, the specific benefits of walking
and using stairs could not be precisely separated and com-
pared, since a single question addressed both these activ-
ities. The sample size was relatively small, thus limiting
the generalizability of the findings. This analysis should
be replicated in larger samples. The present analysis was
cross-sectional: low PA could lead to adiposity [35,36], in
the same way as adiposity could lead to low PA [37,38].
The relationship between PA and adiposity should be
studied longitudinally. A Swiss study observed that en-
couraging hospital employees to use stairs instead of
elevators during their daily work routine significantly
improved cardio-vascular disease risk factors (including
WC, body weight, and fat mass) and increased cardiore-
spiratory fitness after 12 weeks [35]. On the other hand, a
small study (involving adults younger than 65 years) re-
ported that experimental weight gain (with overfeeding)
reduced objectively measured daily walking distance [37].
In another longitudinal study [38], weight, BMI, fat mass,
and WC predicted sedentary time after 5.6 years of
follow-up, whereas sedentary time did not predict obesity.
With increasing age, visceral abdominal fat mass increases
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fat mass might not be reflected in proportional increases
in anthropometric indicators [4]. However, according to
Flegal et al. [39], BMI and WC may be inaccurate mea-
sures of percentage body fat for an individual, but they
correspond well overall with percentage body fat within
sex-age groups and distinguish categories of percentage
body fat.
Strengths of Lc65+ include the randomly selected sam-
ple, which is representative of the general community-
dwelling population of Lausanne aged 65 to 70. Its age
distribution is homogeneous, reducing the potential for
age-related biases (e.g. selection bias) or confounders. This
cohort study offers a detailed description of the socio-
economic circumstances of this age group, which deserves
careful attention for planning health services for the next
decade. Height and weight were measured. Moreover, five
anthropometric adiposity indicators were assessed, allow-
ing examining the consistency of associations.
Lc65+ obesity prevalence estimates are slightly higher
than those observed in the same city in CoLaus study [2],
with a prevalence of overweight, obesity, and abdominal
obesity of 50%, 23%, and 40% in men aged 65–75 years,
respectively 35%, 17% and 45% in women (same defini-
tions in CoLaus and Lc65+). In the Swiss Health Survey
(SHS) 2012 [3], the prevalence of overweight and obes-
ity (self-reported height and weight) was 49% and 17% in
men, respectively 34% and 14% in women aged 65–74 years
at a national level. However, BMI calculated from self-
reported height and weight is underestimated [40,41].
Studies allowing reliable international comparisons of
overweight and obesity prevalence after age 65 years
are lacking because of methodological issues (samples
not always representative of the general population,
differing participation rates, heterogeneous age distri-
butions, measurements versus self-reports of weight
and height) [42]. Despite these limitations, several re-
ports suggest that overweight and obesity prevalence
among Swiss adults is lower than in other European
countries [40-42]. Several studies have described asso-
ciations between low socioeconomic status and sub-
optimal diet [12] and PA [13,43], as well as the links
of these behaviors with odds for being overweight or
obese [44]. In Lc65+, living alone was associated with
eating less FV among men, but less meat among women,
a finding already observed in the SHS, and in England
[45]. Lc65+ women living alone were also leaner; in a
Swedish cohort [46], women “co-habitating” experienced
a higher increase in weight and body fat since age 20.
Current smoking was consistently negatively associated
with adiposity among Lc65+ women, a relationship also
observed in CoLaus [2]. As regards daily PA, it has already
been observed that pedestrians in lower socioeconomic
areas are less likely to climb stairs and more often chooseescalators than pedestrians in high socioeconomic areas
[43]. Still, a stair climbing intervention was equally effect-
ive in both areas [43].
Conclusions
While the prevalence of abdominal obesity was 45%
in both sexes, indicating an important risk of cardio-
vascular disease [47], 20% of men and 25% of women
avoided using stairs or carrying loads. Whereas obese
older persons should be encouraged to practice sports
more than once a week [10], the importance of keep-
ing a high level of mobility in daily life should not be
overlooked [35]. In this population, eating habits and PA
had strong links with socioeconomic factors, which could
be the target of public health interventions [43]. Simple
measures about use of stairs in everyday life can provide
interesting information on health behaviors. In the present
study, these measures had consistent cross-sectional asso-
ciations with adiposity indicators. In conclusion, this study
suggests that walking and using stairs in daily life has
stronger negative links with adiposity than doing sports at
least once a week.
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